Viviparity has evolved repeatedly in squamate reptiles, and the ecological and physiological factors involved in its origin have attracted much attention . Taxa in which viviparity can be studied are therefore of considerable interest, especially in those cases in which viviparous and oviparous species are cosely related. One well known case is the wide-ranging lizard genus Sceloporus, which has been divided into several oviparous and viviparous species groups . Of particular interest is the scalaris group of the central Mexican highlands, which is the only Sceloporus species group to exhibit both modes of reproduction. Extensive work has been done to describe the ecology and reproductive physiology of members of this group (Guillette, 1981 (Guillette, , 1982 Guillette and Jones, 1985; Guillette and Gongora, 1986 ).
The scalaris group consists of the species S. scalaris (four subspecies), S. goldmani, S. chaneyi, S. bicanthalis, and S. aeneus. Sceloporus aeneus contains the subspecies S. a. subniger in addition to the nominate race. Sceloporus bicanthalis has been described as a subspecies of S. aeneus (Thomas and Dixon, 1976) . We consider it here to be a separate species on the basis of consistent morphological and allozyme differences relative to S. aeneus (Guillette and Smith, 1985; Smith et al., 1993; Mink and Sites, 1996) . Which of the two species the subniger race belongs to has not been adequately investigated, though the original description indicates morphological similarity to S. bicanthalis (Poglayen and Smith, 1958) . Monophyly of the scalaris group is supported by karyotype data (Cole, 1978) .
At least two origins of viviparity are hypothesized from ancestral egg-laying within the group . Sceloporus goldmani is viviparous, as are S. a. subniger and most populations of S. bicanthalis (Guillette and Smith, 1985; Mink and Sites, 1996) . All other members of the group are oviparous, though S. a. aeneus shows extreme egg The scalaris group consists of the species S. scalaris (four subspecies), S. goldmani, S. chaneyi, S. bicanthalis, and S. aeneus. Sceloporus aeneus contains the subspecies S. a. subniger in addition to the nominate race. Sceloporus bicanthalis has been described as a subspecies of S. aeneus (Thomas and Dixon, 1976) . We consider it here to be a separate species on the basis of consistent morphological and allozyme differences relative to S. aeneus (Guillette and Smith, 1985; Smith et al., 1993; Mink and Sites, 1996) . Which of the two species the subniger race belongs to has not been adequately investigated, though the original description indicates morphological similarity to S. bicanthalis (Poglayen and Smith, 1958) . Monophyly of the scalaris group is supported by karyotype data (Cole, 1978) .
At least two origins of viviparity are hypothesized from ancestral egg-laying within the group . Sceloporus goldmani is viviparous, as are S. a. subniger and most populations of S. bicanthalis (Guillette and Smith, 1985; Mink and Sites, 1996 retention together with correlated traits such as thin eggshells and development of structures for more efficient gas exchange, all of which appear to be intermediate to the development of viviparity (Guillette, 1981 (Guillette, , 1982 (Guillette, , 1993 . A northern population of S. scalaris has also been observed to show prolonged egg retention (DeMarco, 1992), and it is probable that all oviparous members of the group have this trait. The term "ovoviviparity" has often been applied to livebearing in squamates to distinguish it from the viviparity of mammals. Here we follow Guillette (1993) ??? GTT  ??? GTT  ??? ?TA  ??? GTA  ?TA GTA  ?TA GTT  ??? GTA  ??? GTT  ATA GTT  ATG GTT  ATA GTA   ??? ???  CTA GCC  CTA GCC  CTA GCC  CTA GCC  TTA GCC  CTA GCC  TTA GCC  TTA GCC  CTA GCC  CTA GCC   535   GCC  GCC  GCC  GCC  GCT  GCT  GCT  GCT  GCT  GCC   ATC  ATC  ATC  ATC  ATT  ATC  ATT  ATT  ATC  ATT aeneus-3  aeneus-2  bicanthalis-3  aeneus-1  bicanthalis-1  chaneyi thalis are monophyletic with respect to each other, the number of independent origins of viviparity (or possible reversals to oviparity) within the group, and the determinination of whether viviparity was evolved relatively recently or deep in the history of the scalaris group.
MATERIALS AND METHODS
The specimens used in this project were collected in 1991 and 1992 by D. G. Mink as described in Mink and Sites (1996) . Specimens included S. a. aeneus, S. bicanthalis, S. chaneyi, and S. scalaris samcolemani. Sceloporus goldmani was not included in the study, as a specimen was not available. A list of all specimens used, together with approximate locality data, museum numbers, and parity modes, is given in Table 1 . More detailed locality information is given in Mink and Sites (1996) . Heart and liver tissue samples from the lizards had been previously taken and stored at -80 C as described in Mink and Sites (1996) . DNA was extracted and prepared as described in Hillis and Davis (1986).
We amplified mitochondrial DNA sequences for analysis by PCR, using the ND4 and LeutRNA primers developed by Arevalo et al. (1994) . The target sequence in each case was identified and isolated by electrophoresis on agarose gels and electroelution onto dialysis tubing. Purified fragments were cloned into the SmaI site of pBluescript plasmids, and the ligation products were used to transform competent E. coli cells. Transformed cells were selected by culture on ampicillin-treated agar (Templeton, 1983; Larson, 1994) . We also added the characters used by Mink and Sites (1996) for their parsimony analysis to the mtDNA data set and analyzed the combined data set (see Fig. 1 ). The added characters included 12 fixed allozyme differences among the taxa and two morphological characters, as follows: Ck-A (3 character states), Ak-A (4), M-Idh-A (2), Pk-A (3), G3pdh-A2 (2), M-Acoh-A (3), Mpi-A (3), Ldh-A (2), Ldh-B (2), M-Aat-A (3), S-Mdh-A (2), S-Mdhp-A (3), canthal scale number (2), and male ventral pattern (4). We did not include parity mode as a character, as done in the original study; however, a separate analysis with this character included showed no significant differences compared to the results given below. In addition, the allozyme and morphological data from the specmen of S. goldmani used by Mink and Sites (1996) were included in the combined data set to show the position of this species in this group. While the addition of taxa with only partial data in this manner can weaken support for branches (Novacek, 1992) , tests of this method indicate that it is unlikely to cause significant problems in an analysis (Wiens and Reeder, 1995 (Table 1) . Base-pair variation among the ingroup taxa relative to the outgroup was observed at 178 sites, of which 143 were phylogenetically informative. Numbers of transitions and transversions in the ingroup (relative to the outgroup) in the different gene portions of the sequence are summarized in Table 2 . Length variation among taxa occured at one site within the ingroup, between the histidine and serine tRNA genes, consisting of a three base pair insert in each of three individuals (see Fig. 1) . The presence or absence of this insert was coded in the mtDNA data set as an informative character.
Phylogeny.-A single most parsimonious tree of 286 steps was recovered using only the mtDNA data, shown in Fig. 2 . Strong support was evident for a (chaneyi + scalaris) clade, and a (aeneus + bicanthalis) clade. Within the second clade, the Rio Topolapo population of S. aeneus groups with the bicanthalis populations, but the low bootstrap and decay index values of the branch joining these taxa indicate that this relationship is very weakly supported, and the Rio Topolapo population could therefore also be grouped with the other aeneus populations. Within the bicanthalis group, the Las Vigas population is the sister taxon to the Nevado de Toluca and Nopalillo populations in the most parsimonious tree. Because of the relatively low decay index value of this node, we decided to test it against the most parsimonious alternative. We found one tree of 288 steps that supported the relationship (Nopalillo (Las Vigas, Nevado de Toluca)). We compared this tree with the most parsimonious tree using the "compare trees" option of MacClade version 3.04 ( 
DISCUSSION
Systematics.-The analysis strongly supports the existence of the "northern clade" described by Mink and Sites (1996) , though the caution must be given that S. goldmani's position is based only on the allozyme and morphological characters and neither study includes any of the subspecies of S. scalaris except S. s. samcolemani. The monophyly of the S. aeneus + bicanthalis clade is also strongly supported, as is that of S. bicanthalis. The monophyly of S. aeneus is supported by the allozyme and molecular characters, as shown by analysis of the combined data set, but was ambiguous in the mtDNA analysis.
Of particular concern is the proposed recognition of S. aeneus and S. bicanthalis as separate species (Guillette and Smith, 1985; Smith et al., 1993; Mink and Sites, 1996) . The combined data set supports monophyly of both taxa, which supports the hypothesis of two species. However, the mtDNA data alone are ambiguous on this point. In addition, Mink and Sites (1996) find that the morphological criteria used to distinguish the proposed species are not constant, though their allozyme characters appear to clearly differentiate the two. The above discussion is predicated on the assumption that oviparity is the ancestral trait in the scalaris group. This assumption has generally been made in previous discussions of parity mode in Sceloporus (e.g., Guillette et al., 1980; Sites et al., 1992), both because of the presumed irreversibility of viviparity evolution (see below) and the fact that previous phylogenetic hypotheses for the genus, while differing greatly in their arrangement of the species groups, all placed the scalaris group among exclusively oviparous taxa Although the degree of sequence divergence between taxa can in no way be taken as a quantitative measure of divergence times in this particular case, the close similarities between the sequences of the three bicanthalis specimens in this study still suggest a very close relationship (pairwise sequence divergences among bicanthalis specimens range from 1.4%-2.6%). Parity mode appears in any case to be a labile trait in S. bicanthalis, if not in the complex as a whole. Guillette et al. (1980) suggested that high altitude has been the principal driving force in the evolution of viviparity in Sceloporus. From this perspective, it is worthwhile to note that the Nopalillo and Las Vigas populations studied are both at elevations of less than 3000 m, while the viviparous Nevado de Toluca population (and all other bicanthalis populations studied by Mink and Sites, 1996, all of which are viviparous) are located at higher elevations on mountain peaks. However, this does not explain the occurrence of oviparous S. aeneus at both moderate and high altitudes, considering that the presence of viviparity in two of its close relatives indicates a lack of genetic or other constraints. A number of causal factors are most likely involved in this trait's evolution, making the reconstruction of its history more complex (Guillette, 1993) .
These questions are of sufficient interest to warrant further study involving a greater number of bicanthalis and aeneus populations and perhaps a more rapidly evolving portion of the mitochondrial genome. In addition, the ecology of the bicanthalis populations, particularly those at the Nopalillo and Las Vigas sites, deserves attention so that any difference between oviparous and viviparous lizards at this level can be discovered and investigated. As noted in the in-troduction, the oviparous lizards in the scalaris complex all show pronounced egg retention and other traits that appear to be intermediate in the evolution of viviparity. Comparison of the scalaris group to its closest relatives (as soon as these can be determined) is likely to be worthwhile, especially considering the apparent lability of parity mode within the group. As Guillette (1993) pointed out, viviparity is a complex, integrated trait that has evolved independently many times in the squamates. The scalaris group and its relatives may well provide a system in which the various intermediate stages in its evolution can be studied independently at different levels, using a phylogenetic framework to place the work in a historical context. This in turn will allow the testing of models such as Guillette's (1993) that include hypotheses for the various sequential steps that have led to viviparity in reptiles.
During an expedition to Pico Turquino in the Sierra Maestra of eastern Cuba in August, 1989, we encountered two common species of frogs on vegetation along trails and in the forests of the upper elevations. One was found almost exclusively in bromeliads, and the other occurred low on bushes and other vegetation. The calls of both upland forms were similar to their lowland counterparts, Eleutherodactylus ionthus and E. auriculatus, respectively, but differed in significant ways. However, because such differences might be attributed to elevation (and temperature), we made a nocturnal descent of Pico Turquino in order to hear and record calls emitted at different elevations. As we decreased in During an expedition to Pico Turquino in the Sierra Maestra of eastern Cuba in August, 1989, we encountered two common species of frogs on vegetation along trails and in the forests of the upper elevations. One was found almost exclusively in bromeliads, and the other occurred low on bushes and other vegetation. The calls of both upland forms were similar to their lowland counterparts, Eleutherodactylus ionthus and E. auriculatus, respectively, but differed in significant ways. However, because such differences might be attributed to elevation (and temperature), we made a nocturnal descent of Pico Turquino in order to hear and record calls emitted at different elevations. As we decreased in 3 Address for correspondence and reprints. E-mail: sbhl@psu.edu. elevation, we found that the calls of the upland forms did not change significantly. Moreover, we discovered a zone of sympatry between the upland forms and their lowland counterparts in the vicinity of 800-1100 m elevation. Initially, our recordings and collection data were more extensive for the bromeliad-dwelling species, which we described as E. melacara (Hedges et al., 1992). Since then, we have made additional collections of the other upland form elsewhere in the Sierra Maestra, and describe that new species here.
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